Clinical Ophthalmology 



Dovepress 

open access to scientific and medical research 



Q Open 



Access Full Text Article 



CASE SERIES 



Ineffectiveness of intrastromal voriconazole 
for filamentous fungal keratitis 



Masanori Nik! 
Hiroshi Eguchi 
Yuki Hayashi 
Tatsuro Miyamoto 
Fumika Hotta 
Yoshinori Mitamura 

Department of Ophthalmology, 
Institute of Health Biosciences, The 
University of Tokushima Graduate 
School, Tokushima-shi, Japan 



Correspondence: Hiroshi Eguchi 
Department of Ophthalmology, Institute 
of Health Biosciences, The University 
of Tokushima Graduate School, 3-18-15, 
Kuramoto-cho, Tokushima-shi, 
770-8503, Japan 
Tel +8! 88 633 7163 
Fax +8 1 88 631 4848 
Email hiroeguOl I3@gmail.com 



This article was published in the following Dove Press journal: 
Clinical Ophthalmology 
5 June 2014 

Number of times this article has been viewed 



Purpose: The purpose of this study is to describe the ineffectiveness of intrastromal voriconazole 
injection for filamentous fungal keratitis by contrasting the effectiveness for yeast keratitis. 
Methods: We examined seven fungal keratitis patients prospectively. All yeast was identified 
by molecular phylogenetic analyses of the chromosomal regions coding for the D1/D2 domain 
of the large-subunit 26S ribosomal RNA gene. All filamentous fungi were identified by the 
sequencing of internal transcribed spacers of the ribosomal DNA gene regions. Approximately 
0.1 mL of voriconazole diluted with saline to 1.0% was injected with a 30-gauge needle 
inserted obliquely into the three to five clear cornea sites around the abscess. All subjects were 
administered natamycin ointment and oral itraconazole. When needed, intravenous micafungin, 
voriconazole, and/or intracameral voriconazole were added. Clinical courses were observed by 
the slit lamp microscope. Histopathology was examined when the corneas were removed. 
Results: All cases that were caused by yeast healed quickly after injections. Two cases of 
keratitis caused by Fusarium, and one case caused by Aspergillus, did not heal completely. In 
the Fusarium cases, additional antifungal medications (3.0% topical voriconazole and intrave- 
nous injection of micafungin) were needed. After optical penetrating keratoplasty in one of the 
cases, fungi were found in the deep stroma of the removed cornea. In the case of Aspergillus 
keratitis, pathological findings also showed fungi deep in the stroma of the removed cornea and 
the keratitis recurred after therapeutic penetrating keratoplasty. 

Conclusion: Intrastromal voriconazole injection is successful in treating yeast keratitis. How- 
ever this is not the case for filamentous fungal keratitis. 
Keywords: voriconazole, intrastromal injection, filamentous fungal keratitis 

Introduction 

Fungal keratitis is a vision- threatening infectious disease. Currently the number of 
effective antifungal drugs is less than those of antibacterial drugs and they are less 
tissue-permeable.^ Therefore fungal keratitis tends to have a w^orse prognosis than 
bacterial keratitis.^ Since filamentous fungal keratitis is more intractable than yeast- 
related keratitis,^ early diagnosis and targeted treatment for filamentous fungal keratitis 
is the key to managing the disease. Although natamycin, the only commercially avail- 
able antifungal agent for ophthalmic use, is effective in eliminating both yeast and 
filamentous fungi, there are some cases where its effectiveness is limited. 

Voriconazole has been reported to have a broad- spectrum of antifiingal proper- 
ties and has been shovv^n to be effective on ophthalmic clinical isolates, including the 
Fusarium Sind Aspergillus species."^ In recent years, some reports have shovv^n a cura- 
tive effect of intrastromal injection of antifungal drugs. ^"^ Although in most of these 
reports, a solution of 0.05% voriconazole w^s effective, at our center a number of cases 
of filamentous keratitis recurred, despite the use of multiple intrastromal injections 
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of voriconazole at concentrations of 0.05% to 1%. In those 
cases, some causative strain showed low minimum inhibi- 
tory concentration (MIC) of voriconazole. It is important to 
recognize that voriconazole intrastromal injection success 
rate may vary depending on the underlying pathogen. Hence, 
we evaluate the effects of voriconazole intrastromal injection 
therapy for fungal keratitis and describe the ineffectiveness of 
the treatment for filamentous fungal keratitis by contrasting 
the effectiveness for yeast keratitis. 

Participants and methods 

Participants 

Seven patients (two males, five females), who were clini- 
cally diagnosed with culture-positive fungal keratitis, were 
enrolled in this study. All patients were consecutive fungal 
keratitis cases, who visited Tokushima University Hospital 
between January 2012 and June 2013. No patient had any 
antifungal medication prior to visiting our hospital, and no 
history of an immunocompromised state had been reported 
in medical interview. Their mean age was 72.3+10.8 years 
(range: 60-86 years). Informed consents for the voriconazole 
intrastromal injection were obtained from all subjects under 
the approval of the Ethics Committee of Tokushima Univer- 
sity Hospital. We excluded patients whose intraocular pres- 
sure could not be measured due to corneal perforation, cases 
of an involuntary eye movement, and cases where we judged 
that the injection under local anesthesia was impossible. 

Voriconazole (1.0%) eye drops were applied four to 
five times a day for at least 14 days in all cases except for 
Case 5. All subjects were treated with 1.0% voriconazole 
intrastromal injection after the diagnosis of fungal keratitis 
was confirmed. In the sixth case, 0.1% voriconazole was 
injected first and the concentration was gradually increased 
with each subsequent injection. In patients who had been 
prescribed other therapies for keratitis prior to visiting our 
hospital, topical antibacterial antibiotics were decreased to 
three or four times a day only for sterilization of the ocular 
surface before intrastromal injection. Additionally, topical 
steroids, lubricant eye drops (hyaluronic acid sodium), and 
the antiviral ointments were discontinued. 

Methods 

All isolates of fungi were obtained from the corneal scrapings. 
Several kinds of agar plates were inoculated with scrapings, 
including two Sabouraud dextrose agar (Eiken Chemical Co., 
LTD., Tokyo, Japan), and they were incubated at both room 
temperature and 37°C. The species of yeast fungi were identi- 
fied by molecular phylogenetic analyses of the chromosomal 



regions coding for the D1/D2 domain of the large-subunit 
26S ribosomal RNA gene.^^ The species of filamentous fungi 
were identified by the sequencing of internal transcribed 
spacers of the ribosomal DNA gene regions. 

Voriconazole (VFEND® for intravenous use, 200 mg, 
Pfizer Japan Inc., Tokyo, Japan) was diluted with saline 
to 1.0%, 0.3%, or 0.1% and loaded in a 1.0 mL tuberculin 
syringe with a 30-gauge needle. Under topical anesthesia 
with 0.4% oxybuprocaine hydrochloride (Benoxil ophthal- 
mic solution 0.4%, Santen Pharmaceutical Co., Ltd., Osaka, 
Japan), the needle was inserted obliquely, with the bevel 
down, into the clear cornea surrounding the abscess. Approxi- 
mately 0.1 mL voriconazole was injected at each of three 
injection sites in most cases. In cases where the keratitis has 
progressed in the whole cornea, the same dose was injected 
at each of five injection sites. All injections were performed 
in the treatment room of the outpatient clinic, unless the eye 
was judged to be at risk for corneal perforation due to corneal 
thinning. In these cases, injections were performed in the 
operating theater. Just after injections, all eyes were exam- 
ined with a slit lamp microscope to confirm the presence/ 
absence of complications associated with treatment. Anterior 
segment optical coherence tomography (OCT) (Spectralis® 
OCT, Heidelberg Engineering, Heidelberg, Germany) was 
also performed just after the injection to confirm placement of 
the voriconazole solutions, as represented by stromal swelling 
in the mid and/or deep layers of the cornea. 

Results 

Four yeasts were cultured on Sabouraud plate agar. One was 
identified as Candida albicans and three as Candida parap- 
silosis. Three filamentous fungi were cultured on Sabouraud 
plate agar and those species were identified as an Aspergillus 
flavus Sind Si Fusarium proliferatum. An additional Fii^arzi^m 
species was identified only by morphological character in a 
lacto-phenol cotton blue mount. MICs of voriconazole to all 
strains were determined by use of a broth dilution method 
according to M38-A2 of the Clinical and Laboratory Stan- 
dards Institute. 

Four patients diagnosed with yeast-related keratitis had 
complete corneal healing after administration of intrastromal 
injection of 1.0% voriconazole (Table 1). MICs of vori- 
conazole to four Candida species were low, eg ranged less 
than 0.015-0.06 |ig/mL. Case 4 and 5, where the causative 
fungi WQYQ A. flavus andFusarium species respectively, were 
refractory to multiple 1 .0% voriconazole intrastromal injec- 
tions and their keratitis recurred. The MICs of voriconazole 
to those strains were 0.5 |lg/mL and 4 |ig/mL, respectively. 
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In Case 6 - the keratitis induced by F. proliferatum - we 
increased the concentration of voriconazole from 0. 1 %-0.3% 
or 1.0% because it progressed rapidly despite the additional 
systemic and local antifungal therapies. The MIC of vori- 
conazole was 4 jig/mL. 

With regard to other antifungal medication, we admin- 
istered supplemental antifungal medications to all cases. 
Topical natamycin ointment (Pimaricin ophthalmic ointment 
1% Senju®, Senju Pharmaceutical Co. Ltd., Osaka, Japan) 
was instilled into the conjunctival sacs to all cases, 100 mg 
per day of oral itraconazole capsule (Itrizole® Capsules 50, 
Janssen Pharmaceutical K.K., Tokyo, Japan) was given to 
all cases except for a mild case - Case 3 - for 2 weeks, and 
micafungin sodium (50 mg, Funguard®, Astellas Pharma Inc., 
Tokyo, Japan) was injected intravenously to three persistent 
cases. Additionally, one subject also received an intravenous 
injection and an intracameral injection of voriconazole 
because of aphakic eye. Intrastromal injections were free 
from complications such as other microbial infection, corneal 
perforation and corneal scaring. 

Discussion 

In Case 4, the causative fungus wsisA.flavus (Figure 1), the 
patient did not completely recover from the keratitis after 
a second keratoplasty with a frozen cornea. Following the 
surgery, the subject was intensively treated with systemic and 
topical antifungal agents. Pathological examination of the 
first removed cornea revealed large amounts of fungi in the 
deep stroma adjacent to the Descemet's membrane (Figure 2) 
even though MIC of the causative strain of A. flavus was low. 
We think that either the concentration of voriconazole might 
have decreased faster than we expected or the solution did 
not reach the infectious focus. High-density OCT images 




Figure I Case 4 (pre-injection). The corneal abscess caused by Aspergillus flavus has 
spread to most of the grafted cornea. 
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Figure 2 Case 4. Pathological findings of the removed cornea (Grocott's staining). 
A substantial amount of fungi are observed just above the Descemet's membrane. 

suggested the presence of voriconazole at the top two-thirds 
or three-quarters of the cornea but it did not reach Descemet's 
membrane (Figure 3). It is important to note that the dehvery 
of the drug is Hmited even by intrastromal injection. 

A report^ ^ demonstrated that the aqueous humor concen- 
tration of voriconazole declines rapidly after topical applica- 
tion or intracameral injection, and also demonstrated that the 
decline of voriconazole shows an exponential decay with 
a half-life of 22 minutes. Although pharmacodynamics of 
intrastromal voriconazole is unknown, these results suggest 
that a sufficient level of voriconazole in the corneal stroma 
may not last long after the injection. Leakage of voriconazole 
liquid from the stroma to the epithelial side of the cornea can 
also reduce the amount of voriconazole after the injection. 

In Case 5, the patient suffered from a peripheral corneal 
perforation caused by a plant injury (normal intra ocular 
pressure due to an incarcerated iris) (Figure 4). The keratitis 
around the perforation worsened and hypopyon gradually 
increased, even after three intrastromal injections of 1.0% 
voriconazole together with hourly application of 1.0% vori- 
conazole eye drops and nightly use of natamycin ointment. 
The patient was keratoplastied with the fi^ozen cornea followed 
by the topical steroid for 1 .5 months. Two weeks after steroid 
use, keratitis recurred and progressed rapidly, even with 
three additional 1.0% voriconazole intrastromal injections. 



Pre-injection Post-injection 




Figure 3 Optical coherence tomography images of Case I (pre- and post-injection). 
Notes: Intrastromal fluid location just after the injection of voriconazole can be 
seen in the right picture. The high-density area is limited to the outermost two- 
thirds or three-fourths of the corneal stroma (white arrows). 




Figure 4 Case 5 (the anterior picture at the initial visit). 

Note: The hyphate ulcer and the corneal perforation are observed. 

Keratitis remission was finally achieved with administration 
of 3.0% voriconazole eye drops hourly, natamycin ointment 
five times daily, and intravenous injection of micafungin 
(100 mg/day) for 5 days. The removed cornea during optical 
keratoplasty revealed that hypha had infiltrated into the deep 
layer of the corneal stroma (Figure 5). Voriconazole deliv- 
ered by intrastromal injection might not reach the infectious 
focus. Intrastromal injection of voriconazole was ineffective 
because of the rapid progress of Fusarium species keratitis ^^'^^ 
that might be related to the use of topical steroid in the early 
postoperative stage. The Fusarium keratitis patient (Case 6) 
had a history of foreign body sensation during her farm 
work. We initiated the treatment with 0.1% voriconazole 
intrastromal injection together with natamycin ointment four 
times a day. Although the steroid was not used in this case, 
the keratitis was refractory to multiple injections of voricon- 
azole. Therefore, we believe that 0.05% voriconazole is not 
sufficient for Fusarium-YQlsitQd keratitis. 

Marangon et al reported that MIC of voriconazole for 
clinical isolates of Fusarium species showed the highest 




Figure 5 Case 5 (pathological findings of the removed cornea) (Grocott's staining). 
Note: Hyphae is observed in the deep layers of the corneal stroma. 
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(8 |lg/mL) value in all genera examined."^ The MICs of vori- 
conazole to Fusarium species that we detected in Cases 5 and 6 
were also of a comparatively high value, 4 jig/mL. We injected 
between 0.3 mL and 0.5 mL of 1 .0% voriconazole, which trans- 
lates into 1,000 |ig/mL, at the site. This was much higher than 
previous reports of success with voriconazole.^^ However, the 
effect of voriconazole on Fusarium keratitis is not enough for 
complete eradication, regardless of the concentration. In 2013, 
an article was published reporting that intrastromal injections 
of voriconazole do not offer any beneficial effect over topical 
1 % voriconazole therapy in a randomized clinical study. Cur- 
rently we are not sure how effective voriconazole intrastromal 
injection is in treating Fusarium keratitis. 

Although keratitis caused by the Candida species might 
have been successfully treated with 0.05% voriconazole 
intrastromal injection, the same concentration as previous 
reports,^"^ the optimal concentration for intrastromal injec- 
tion remains to be determined. Moreover, all yeast described 
in this study is Candida. The response to the injection in 
other yeast fungi, such as Cryptococcus or Trichosporon, 
may differ. A recent animal study demonstrated that intra- 
cameral injection of >0.25% voriconazole could result in 
microstructural damage to corneal endothelial cells. Further 
animal experiments relevant to voriconazole intrastromal 
injection are necessary to determine optimal concentration 
of voriconazole with minimal toxicity to corneal endothelial 
cells. A further prospective clinical study with fixed treat- 
ment protocol is necessary for redeeming the small sample 
size and the variety of treatment protocol in this study. Then, 
we should compare voriconazole intrastromal injection with 
the new treatment option, such as topical caspofungin, as to 
the effectiveness of fungal keratitis. 

In conclusion, 1.0% voriconazole intrastromal injection 
is effective in treating fungal keratitis caused by yeast. Even 
using lower concentrations of the voriconazole than the pres- 
ent study may be effective in some cases. However, a higher 
concentration of voriconazole, such as 1% solution, was not 
consistently effective in treating advanced fungal keratitis 
caused by filamentous fungi, especially the Aspergillus and 
Fusarium species. 
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